Abstract
INTRODUCTION
The continuous development of nanotechnology and beneficial properties of bee pollen, has introduced new opportunities for hybrid materials application in biomedicine. The increasing number of drug resistant microorganisms has become a major challenge in present, about ൱൪൪,൪൪൪ deaths are attributable to antimicrobial resistance every year across the world (Tripathy et al., ൬൪൫൱) . Although the potential antimicrobial of natural bee pollen has been already demonstrated their effect against human pathogens bacteria (Spulber et al., ൬൪൫൲; Mărgăoan et al., ൬൪൫൯; Manal et al., ൬൪൫൭; Hleba et al., ൬൪൫൭; Abouda et al., ൬൪൫൫) , human fungal pathogens (Abed et al., ൬൪൫൯; Yi et al., ൬൪൫൯; Kacániova et al., ൬൪൫൬) and different plant pathogens (Spulber et al., ൬൪൫൱; Basim et al., ൬൪൪൰) . Magnetic nanoparticles have also been observed to inhibit microbial biofilm development (Grumezescu et al., ൬൪൫൬; Saviuc et al., ൬൪൫൫) , as well as the core shell nanosystems (Nechifor et al., ൬൪൫൭; Anghel et al., ൬൪൫൭; Chifiriuc et al., ൬൪൫൬;) . However, the hybrid nanomaterials which cumulate natural compounds and nanostructures have been shown to improve the bioavailability of natural compounds (Watkins et al., ൬൪൫൯) , this will result in a higher antimicrobial potential. The hybrid nanomaterials show novel properties due to unique electronic, optical and catalytic properties determined by size, morphology and surface area. (Mihăiescu et al., ൬൪൫൫) , also have been succesfully employed in magnetic resonance imaging, drug delivery and cancer treatment (Štarha et al., ൬൪൫൮) . The purpose of this study is to combine the unique properties of magnetite nanoparticles with the antimicrobial potential of bee pollen to obtain a nanobiosystem that could be a new way of overcoming antibiotic resistance.
MATERIALS AND METHODS Preparation of bee pollen extract (BPE)
The ethanol extract was prepared by weighting ൯g of ground bee pollen with an accuracy of ൪,൪൫g. Each bee pollen sample was extracted five times with a ൱൪% (v/v) ethanol aqueous solution in ൬൪൪mL portions at room temperature. After extraction, the obtained filtrate was centrifuged at ൬൯൪൪rpm for ൬൪ minutes. It was evaporated under reduced pressure in a rotary vacuum evaporator until ൬mL final volum. (Bolocan et al., ൬൪൫൯) . One gram of p-aminobenzoic acid (PABA) was solubilized in a known volume of ultrapure water, corresponding to a ൫.൪൪% (w/w) solution, under stirring at room temperature. Then, ൲ mL of a basic aqueous solution consisting of ൬൯% ammonia were added to PABA solution. After these, ൫൪൪ mL aqueous solution of FeCl ൭ and FeSO ൮ • ൱H ൬ O (molar ratio ൬/൫) were dropped under permanent stirring up to pH ൲. The final MNPs thus obtained were collected and gently washed repeatedly with ultrapure water. Finally, the nanoparticles were separated with a strong permanent magnet for ൬൮ h.
Synthesis of

Fabrication of Fe ൭ O ൮ /PABA/MNPs -BPE
Functionalized of Fe ൭ O ൮ /PABA/MNPs with api-components extracted from bee pollen was obtained by coating the nanomaterial core/shell type with natural compounds and transformed into a core/shell/extra-shell type sample. In order to achieve an extra-shell layer, was used the coprecipitation method (Mihăiescu et al., ൬൪൫൰) with Tween ൲൪ as surfactant (Das et al., ൬൪൫൰) . To obtain an aqueous solution of Fe ൭ O ൮ /PABA/ MNPs-BPE with well dispersed properties and homogenous size distribution, was used ൮൪ mL of dispersed Fe ൭ O ൮ /PABA/ MNPs and ൫൯൪ μL BPE. Bee pollen extract was added under continous and vigurous stirring for ൭൪ min. To avoid nanoparticles aggregate formation, we added ൯൪ μL acetic acid (Faure et al., ൬൪൫൭) and sonicated for ൫൯ minutes. The functionalized particles were separated in a magnetic field, washed with ultrapure water. This procedure was repetead for several times and maintained in external magnetic field for ൫൬ hours. These particles were analysed by DLS (Dynamic Light Scattering) after method described by Niculae and colaborators (Niculae et al., ൬൪൫൮) and SEM (Scanning Electron Microscope) at an accelerating voltage of ൫൯ kV. Quantitative assay of the antimicrobial activity was performed by the binary microdilution method in ൳൰ multiwell plates to establish the minimal inhibitory concentration (MIC) (Stecoza et al., ൬൪൪൳) . Binary serial dilutions of the tested compound in DMF were performed in a ൬൪൪ μL volume of nutrient broth and subsequently each well was seeded with ൯൪ μL microbial suspension of ൪.൯ MacFarland density. In each test a microbial culture control (a series of wells containing exclusively culture medium with microbial suspension) and a sterility control (a series of wells containing exclusively culture medium) were performed. The plates were incubated for ൬൮ h at ൭൱°C.
Antimicrobial activity assay
RESULTS AND DISCUSSIONS
The magnetite nanoparticles Fe ൭ O ൮ /PABA/ MNPs synthetized according the method described above, exhibited a strong attraction to the magnetic field and maintained unchanged color and magnetism ( Figure ൫ ) for a long time of standing at room temperature. The size of the nanoparticles according to histogram distribution is slightly higher ( Figure  ൬ ), around ൰൪ nm, which is to be expected given the double coat shell. Presence of bee pollen extract layer on the nanoparticles surface increased average particle size with approximatively ൬൪ nm. The zeta potential is an indicator of samples stability. According to theoretical considerations regarding this measurement, a colloidal system could be considered stable if zeta potential value is above ൭൪ mV or below -൭൪ mV (Park et al., ൬൪൫൮) . The zeta potential of Fe ൭ O ൮ /PABA/MNPs-BPE indicated the stability of hybrid nanostructures, the values were around ൭൱,൮ -൭൲,൲ mV, suggesting that BPE contributed to prevent the aggregation of nanosystem. Figure ൮ depicts the SEM images of magnetic nanoparticles coated with bee pollen extract (Fe ൭ O ൮ /PABA/MNPs-BPE). The nanoparticles were irregular in shape (Figure ൮b ) and ranged in size from ൮൪ to ൰൪ nm. It was observed the porous structure of hybrid nanosystem (Figure ൮a) . Some of researches demonstrated that nanoparticles synthetized with transition metal doping present NPs with irregular shapes and agglomeration or formation of large clusters (Sanpo et al., ൬൪൫൭ fungal) resistance to functionalized NPs action, it is evident that the most sensitive bacteria were S. aureus (from Gram-positive bacteria) followed by E. coli (from Gram-negative bacteria). We found our results to be concordant with other experiments that evidenced the action of magnetic NPs against the same bacteria (Poiată et al., ൬൪൫൭).
Regarding fungal strains, C. albicans were less affected compared with control, only ൯൪% of the samples were inhibited by functionalized nanoparticles.
The obtained results are encouraging even though conventional iron oxide is not considered antibacterial in their bulk form, but may exhibit antibacterial properties in nanoparticulate form (Seil et al., ൬൪൫൬) . Previously, few studies of iron oxide nanoparticles have been done to evaluate the antimicrobial activity against some of common human pathogens (Tran et al., ൬൪൫൪; Taylor et al., ൬൪൪൳) . In our study coated nanoparticles revealed good antimicrobial action against Gram negative followed by Gram-positive bacteria and a weak action against fungal strains. These results are in agreement with another study that found a strong antibacterial activity of spinel ferrite nanoparticles compared with antifungal activity (Jagdish et al., ൬൪൫൱) . According to some researches, a possible antibacterial activity mechanism of metal nanoparticles action is the electromagnetic attraction between the nanoparticles and the microorganisms due to positively charged NPs and negatively charged of microbes (Prabhu et al., ൬൪൫൯) .
CONCLUSIONS
Coated magnetite nanoparticles with bee pollen extract display a wider size range than unmodified nanoparticles. The obtained results revealed that Fe ൭ O ൮ /PABA/MNPs functionalized with different bee pollen extracts exhibit a more intensive growth inhibition effect on Gram positive bacteria compared with Gram negative bacteria and fungal strains. These results could be used for the development of novel antimicrobial materials for fighting against antimicrobial resistance.
